Respiratory decline, the breakdown of 0 2 consump tion after brief initial periods of normal in vitro respira tion, is a metabolic phenomenon which is characteristic of liver tissue during the latent phase of dietary necro tic liver degeneration 1. The lesion is found in normal appearing livers of young rats on vitamin E and Fac tor 3/selenium deficient Torula yeast rations2 after 11 -13 days of dietary treatment. The animals die with sudden necrosis of the liver around the 22nd day. Re spiratory decline is seen with liver slices3 and homogenates 4, but not with isolated mitochondria 5. Through combination experiments it has been demonstrated that the inactivation is initiated by the microsome fraction which exerts a deleterious effect on the mitochondria 6. The inactivating agent consists of a heavy metal (or me tals) reacting with a sensitive sulfhydryl site, or another similar point of attack 7. Complexing agents prevent respiratory decline while addition of certain elements of the transition metal series, such as Cd2® and Hg20, and arsenite, produces the phenomenon artificially. A loss of titrable sulfhydryl groups occurs concurrently with the decline of 0 2 consumption. The immediate cause of respiratory failure is obviously the inactivation of an enzyme (or several enzymes) indispensible for respiration in mitochondria 8.
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The respiratory failure of liver homogenates is effec tively prevented by in vivo or in vitro addition of a-tocopherol and several other quinoid substances. Factor 3/ selenium is without influence. Through inhibition ana lyses and other studies, it has become evident that the prim ary metabolic block is located neither in oxidative phosphorylation, which had been suspected earlier, nor in the electron transfer chain per se, but rather at cer tain dehydrogenase systems which connect the carboxylic acid cycle to the cytochrome chain.
Using a-ketoglutarate as substrate, we have identified lipoyl dehydrogenase as a target of the inactivating mechanism. Experim ental details are given in the legend ( Figure 1 ). It is seen that with increasing periods of incubation a close parallelism exists between the degree of inactivation of lipoyl dehydrogenase and the degree of respiratory failure. Supplementation of dl-a-tocopherol prevents the inactivation of the enzyme, while simultaneously preventing the failure of 0 2 consumption. With partially protective dose levels, both lipoyl dehydrogenase activity and respiration are affected to the same degree. In homogenates of over 50 animals studied, there was good agreement at all times between the extent of lipoyl dehydrogenase in hibition and the impairment of respiration. The involvement of other similarly sensitive enzymes cannot be excluded. However, those analyzed thus far at various phases of respiratory decline were not di minished at all, or changed at rates which were not related to the breakdown of 0 2 consumption. DPNHdichlorophenol-indophenol reductase activity, for ex- ample, was not significantly altered over the 90 minute incubation period in spite of the severe deterioration of 0 2 consumption. DPNH-cytochrome c reductase activity, on the other hand, showed a decline during incubation, but the losses were less severe, less regular, and frequently occurred subsequent to the decline of respiration and lipoyl dehydrogenase activity. Previous results have shown that the activity of DPNH-cytochrome c reduc tase is unaffected by dietary tocopherol supplementa tion 5.
Lipoyl dehydrogenase is essentially identical with the classical diaphorase of S t r a u b 9. It contains a high ly reactive sulfhydryl site which participates actively in the electron transfer mechanism, probably by formation of a sulfur free radical, coincidental to that of a flavinsemiquinone 10. The enzyme is very sensitive to trace metals such as Cd2® and Cu2®; it is also inactivated by arsenite u *12. These inactivations occur in the pre sence of reducing substrates, such as DPNH or reduced lipoamide, while the resting form of the enzyme is relatively stable.
The results indicate that the trace element sensitive sites of lipoyl dehydrogenase are the sites at which toco pherol exerts its protective effect. Some theoretically possible interactions between vitamin E and sulfhydryl sites have been discussed elsew here8. Furtherm ore, it is evident that in the livers of rats maintained under our dietary conditions, lipoyl dehydrogenase is rate limiting for 0 2 consumption when a-ketoglutarate serves as a substrate I3. 
